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ABSTRACT 
Detailed mapping of the area reveals an Upper Palaeozoic sequence 
comprising: Cania Formation, approximately 680 m of volcanics, clastics, 
and rare limestones dateable as middle-late Toumaisian from conodont and 
brachiopod evidence; probable Caswell Creek Group equivalents, an indeterm­
inate thickness of Toumaisian volcanics, sandstones, siltstones, and limestones, 
with corals and conodonts; and Youlambie Conglomerate, up to 2 500 m of 
clastics and occasional lavas, of Early Permian age on the basis of a bivalve 
fauna. 
A palaeontological study extends the known ranges of some brachiopod 
species and records several undescribed forms of brachiopods, gastropods, 
bivalves, corals, and conodonts. Sedimentological investigation of diamictites 
in the Youlambie Conglomerate shows that they are apparently the result of 
subaqueous mass flow on an off-shore slope. 
INTRODUcrJON 
In the last 14 years detailed stratigraphic and palaeontological work on 
the Carboniferous and Permian formations in the Manto district has been 
carried out immediately to the south of Monto by Maxwell (1964), lull (1968) 
and McKellar ( 1967), and to the north by Dear (1968). Regional mapping of 
the Monto I :250 000 Sheet was completed by Dear, McKellar & Tucker 
(1971). 
The author mapped a 23 km2 area of Upper Palaeozoic strata north of 
Manto (see Text-figs 1, 2), and the results of that work form the basis of the 
present paper. 
Grid references cited herein refer to the I: I 00 000 Monto Sheet (No. 
9148, Division of National Mapping), and the I 000 m Australian Map Grid 
was used for the map of the Bukali area (Text-fig. 2). All fossils illustrated and 
described are housed in the collections of the Department of Geology and 
Mineralogy, University of Queensland; megafossil numbers are prefixed by 
UQF. Rock specimens, the numbers of which are preceded by UQR, are also 
to be found in the Departmental museum. 
Sandstones are classified in accordance with Okada ( 1971 ); for conglom­
erates Pettijohn ( 1957) is followed with the addition of the tenn 'diamictite' 
as proposed by Flint, Sanders, & Rodgers (1960). The limestone classification 
Pap. Dep. Geol. Univ. Qd, 8 (1): 37-70, pis 1-3, September 1977. 
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is that of Folk ( 1968), but with the particle nomenclature of Wilson (1967). 
REGIONAL GEOLOGY 
The Bukali area lies on the western margin of the Yarrol Basin, an elon­
gate marine basin described initially by Hill ( 1951), running from Broad 
Sound to south of Mundubbera, and possibly continuous with the Tamworth 
Trough in New South Wales (Dear eta/. 1971). The Yarrol Basin is believed 
to have originated in the late Middle Devonian, receiving Devonian, Carbon· 
iferous, and Pennian andesites, clastics, and limestones; these rocks are pre­
served as a long narrow belt within the framework of the complex Tasman 
Orogenic Zone. The eastern margin of the basin is marked by large-scale faults 
interpreted as thrusts (Maxwell ( 1960). The western boundary of the northern 
part of the basin approximately coincides with the depositional margin; to 
the south it is obscured by younger strata or marked by intrusive contacts with 
granites. 
In the Manto district, the Upper Palaeozoic sediments and volcanics 
of the Yarrol Basin outcrop in a narrow, north-northwest trending belt, the 
width of which increases to the north (see Text-fig. )). It is about 30 km 
wide in the Bukali area, which lies almost wholly within the Dumgree Arch 
(Dear et al. 1971), the stable western shelf which, together with the Yarrol 
Basin to the east, is the major structural entity in the Manto Palaeozoic rocks. 
In the southwest the Dumgree Arch is faulted against the Mesozoic Mulgildie 
Basin along the Mulgildie Fault, and the eastern border is marked by prom­
inent faults separating the shelf from the Yarrol Syncline (see Text-fig. 1 ). 
Within the Dumgree Arch is a large northwest trending fold, the Spring 
Creek Syncline, and the study area lies far out on its western limb. To the 
southeast this fold is truncated by the Three Moon Fault, along which the 
western limb of the Tellebang Anticline in the Yarrol Basin has been over­
thrust westwards. 
The Palaeozoic strata are overlain unconformably by gently folded Tri­
assic volcanics and undisturbed Tertiary sediments and lavas. 
STRATIGRAPHY AND PALAEONTOLOGY 
Within the study area Lower Carboniferous (Tournaisian) clastics, vol­
canics, and limestones (Cania Formation, ?Caswell Creek Group) outcrop 
on both sides of a central belt of Upper Carboniferous?-Lower Permian 
sandstones and conglomerates (Youlambie Conglomerate). Jurassic sandstones 
(Evergreen Formation) are exposed in the extreme southwest; to the north 
Tertiary basalts cap the hills. 
Cania Formation 
Distribution. The formation, originally defined by Dear (1968), outcrops 
extensively around the southeast margin of the Dumgree Arch. 
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Relationships. The lower beds of the Cania Formation are faulted against the 
Evergreen Formation, but to the north they conformably overlie the Lower 
Carboniferous Three Moon Conglomerate. The boundary with the overlying 
Lower Permian Youlambie Conglomerate is disconformable. 
Lithology. This unit is a sequence of interbedded acid and intermediate vol­
canics and sediments, mainly lithic wackes, with the volcanics predominating 
in the mapped area. At 084563 is a small exposure of detrital magnetite; many 
magnetite grains show fine ilmenite exsolution lamellae and haematite replace­
ment. The deposit is too small to be economically significant. 
The formation contains a single, prominent bed of reddish oosparite, 
containing a coral-conodont fauna. This limestone grades northwards into a 
lithic biosparite, and is invariably underlain by a calcareous lithic arenite with 
a rich brachiopod-gastropod assemblage. It is normally overlain by rhyolites. 
Thickness and correlations. The maximum thickness in the area under con­
sideration is 680 m; this represents an incomplete section as the basal beds, 
known from the more complete sections at Cania, are absent. The type section, 
20 km to the northwest. i� 500 m thick. and contains two prominent oolitic 
limestones, only the upper being overlain by rhyolites (Dear 1968). The fauna 
characterizing both beds in the type section is the Prospira tellebangensis 
fauna of Dear (1968), but the brachiopods associated with the limestone in 
the study area, while containing elements of this, show a. greater affinity with 
the Spirifer sol As�emblage, the stratigraphically lower fauna in the Cania 
Fonnation (see below). This suggests that the last-mentioned limestone is 
better correlated with the lower oolitic stratum in the type section, despite 
the absence of volcanics overlying the latter. Thus the top unit of the Cania 
Fonnation appears to be missing in the mapped area. 
Environment of deposition. Work on the conditions under which ooids form 
indicates that the oosparite in the Cania Formation probably accumulated 
under conditions similar to those operating on the Great Bahama Bank today, 
i.e. in warm, shallow, agitated waters covering a back-reef shoal (Newell, 
Purdy, & Imbrie 1960; Purdy 1963). The variation shown by the limestone 
probably represents lithological changes occurring as the bank is traced later­
ally. The disappearance of ooids and their replacement by crinoid fragments 
and lithic grains as the limestone is traced northwards is evidence of the appear­
ance of a biological community and an influx of sediment from rivers or ocean 
currents. The fossiliferous sandstone underlying the oosparite is believed to 
have been deposited adjacent to the oolite shoal, probably on the seaward 
side; similar facies have been described by Edie ( 1958) and Coogan (1969) 
from both Holocene and fossil reefs in North America. 
Fauna. A complete list of megafossils and microfossils identified from this and 
other mapped formations is given in Table 1. The only species treated in the 
following discussions are those believed to be new or which differ significantly 
from already described taxa. No new species are formally named because 
insufficient material is available. 
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Brachiopoda. The large strophomenid brachiopods from the mapped area 
belong to Schel/wienella cf. burlingtonensis Weller 1914. 
A single brachial valve of Pustula in the assemblage from the Cania 
Fonnation (Pl. I, figs. 4, 5) differs from known species in its short hinge line, 
marked concavity, low median fold, small ears, irregularly arranged spine bases 
(8 per 5 mm along growth Lines), widely spaced growth lines (8 per 5 mm), 
short median septum (less than half the valve length), and short, triangular 
adductor scars. It has a shorter hinge line and more pronounced median sinus 
than Pustula sp. nov., which Dear (1963) described from the Cania Fonn­
ation at Cania. 
A single valve of Camarotoechia has only 8 plications (pl. I, fig. 3), and 
resembles in this regard Camarotoechia sp. figured by McKellar ( 1961) from 
the Toumaisian of the Bancroft area, Yarra! Basin. All other described 
Australian species of this genus possess a greater number of plicae. 
Numerous specimens of Spiri[er lirellus Cvancara 1958, together showing 
various stages of ontogenetic development, are present (Pl. 1, figs. 8-10). This 
species is characterized by its transverse shape, mucronate in juveniles and 
with only slightly pointed extremities in later stages. Campbell & McKellar 
(1969) and Roberts (1975) listed Spirifer sol Campbell & Engel 1963 as a 
separate species from S. lire/Ius, with a different time range (see Table 4). 
S. sol has a more obtuse umbo, finer flatter costae, and ceases mucronate 
growth at an earlier stage of development (at a shell width of 40-50 mm) than 
S. lire/Ius, in which the mucrons disappear at a width of 55-60 mm (Cvancara 
1958; Campbell & Engel 1963). The shells from the mapped area differ from 
S. lire/Ius only in that the mucrons are still present when the shells are 60-
70 mm wide (see Pi. I, fig. 9), greater than previously recorded for this species. 
Dear (1963) foundS. sol in the Cania Formation at Cania. In his specimens 
the juveniles are only slightly alate and the mucrons disappear at a valve width 
of 3040 mm. Also the lateral costae are more numerous (30-36 on each slope) 
and bifurcate more frequently. The occurrence of S. lire/Ius as well asS. sol 
in the one formation creates biostratigraphic problems which will be discussed 
later. 
Gastropoda. Australian Carboniferous gastropods have been largely neglected, 
and consequently their biostratigraphic potential is as yet unexplored. 
Two small subtrochiform shells are referred only tentatively to Straparol­
us (Straparolus) davidii Dun & Benson 1920 because they are juveniles, lacking 
the more mature whorls which might confirm the rounded outline which 
distinguishes S. (S.) davidii from S. (S.) australis Maxwell I 96 I. 
The very small turritellid gastropod assigned to Orthonema has an orna­
ment of revolving carinae arranged in two groups separated by a wide band, 
on which are very fine threads (see Pl. 2, fig. 7). On each whorl is a single, 
prominent angular upper carina, and two less obvious, flattened lower carinae; 
the growth lines are fine, closely spaced, and slightly concave towards the 
aperture over the centre of each whorl. The genus Orthonema was previously 
unknown from Australia. 
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The apical portion of a small turbinate gastropod (see Pl. 2, fig. 8) is 
tenatively assigned to Montospira because of its small size, relatively broad 
proftle, and deep sutures, but the critical lower whorl is masked. It differs 
from all previously described species of Montospira in its size, density of lirae, 
and position of selenizone. No Australian species of Montospira has been 
recorded previously from sediments older than Westphalian (Beeston 1975). 
Conodontophorida. Confusion has arisen over Spathognathodus aculeatus 
(Branson & Mehl 1934) and S. tridentatus Branson 1934). Klapper (1966) 
considered they did not differ sufficiently to warrant separation, but Rhodes, 
Austin & Druce ( 1969) thought it undesirable to regard the two as synonym­
ous. However, Ziegler, Sandberg & Austin (1974) reviewed the double-rowed 
spathognathodids, placing S. aculeatus (and S. tridentatus), as we11 as 
S. costatus costatus (E.R. Branson 1934) in Bispathodus aculeatus aculeatus 
(Branson & Mehl 1934), and replacing S. costatus sulciferus (Branson & Mehl 
1934) by B. spinulicostatus (E.R. Branson 1934). These and other nomen­
clatural changes brought about by Ziegler et at. (1974) are followed through­
out the present paper, including the alteration of the names of index species 
of zones. 
The specimens of Spathognathodus crassidentatus (Pl. 3, fig. 4) were 
identified following Klapper's (1966) diagnosis. 
The scheme proposed by Matthews & Naylor (1973) for separating 
the species of Pseudopolygnathus is used here. They defined P. primus as 
having a narrower basal cavity than P. dentilineatus and ridges rather than the 
marginal nodes of the latter; P. multistriatus also has ridges, but a very small 
basal cavity. On this basis the specimens under consideration can be placed in 
P. dentilineatus (Pl. 3, figs. 8, 9), and P. primus (Pl. 3, figs II, 12). 
Age. Conodont biostratigraphY. Subdivisions of the Lower Carboniferous 
based on conodonts are known from Australia, Europe, and North America. 
The absence of gnathodid, siphonodellid, and clydagnathid elements from the 
Monto collections makes comparison with interstate and overseas sequences 
difficult, since most zonations are based on species from these groups. How­
ever, the polygnathids, pseudopolygnathids, and spathognathodids present 
a11 ow some correlations to be made. The two faunas from the Cania Formation 
(see Table 1) are treated as one because of their close stratigraphic relationship 
(see Text-fig. 2). 
Informal biostratigraphic zones (b), (c), and (d) of Jenkins (1974), from 
the New South Wales Lower Carboniferous, are characterized by the common 
occurrence of Polygnathus communis communis (Branson & Mehl 1954), 
Bispathodus aculeatus aculeatus, and B. spinulicostus, so the Cania assemblages 
could fit into any of these zones. It should be noted that Text-fig. 2 of Jenkins 
(1974) is misleading in that the ranges of B. aculeatus aCuleatus (shown as 
S. costa/us costa/us on the figure) and Pseudopolygnathus triangulus pinnatus 
should be extended, since, according to the text (p. 912), both species are 
found in the Brushy Hill Limestone Member, i.e. zone (a). The diagram is also 
somewhat ambiguous as it shows the ranges of some elements, e.g. B. spinuli­
costatus (S. costatus sulciferus on the figures), Metalonchodina sp., and 
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Gnathodus puncta/us, to extend farther than is mentioned in the text, and the 
absence of detailed sample and faunal lists prevents checking this information. 
Jenkins correlated zone (e) with Tn3c Scaliognathus anchoralis zone of 
Groessens (1971), so this dates zones (b), (c) and (d) as Tn3a and Tn3b (late 
Toumaisian). 
The fauna under discussion belongs to the B. spinulicostatus Assemblage 
Zone (Tournaisian, Bonaparte Gulf Basin) of Druce (1969), using again the 
common occurrence of Polygnathus communis communis, B. acu/eatus acul· 
eatus, and B. spinulicostatus. This zone was originally named the Spatho­
gnathodus costatus Zone by Druce ( 1969), and in order to separate it from 
the underlying B. aculeatus acu/eatus Zone (formerly S. tridentatus Zone) it 
is here designated the B. spinulicostatus Zone rather than the B. aculeatus 
aculeatus Zone; both names could be applicable as the subspecies of S. costa/us 
was not indicated by Druce. 
The B. aculeatus aculeatus-Gnathodus delicatus Zone (formerly S. costal­
us costatus-G. delicatus Zone) of the British Avon Gorge zonation of Rhodes 
et a/. ( 1969), as it contains the overlapping ranges of B. aculeatus aculeatus 
and B. spinulicostatus, as well as Pseudopolygnathus primus, Spathognathodus 
crassidentatus, and Polygnathus communis communis, is readily compatible 
with the Cania assemblage. Additional weight for this <:omparison is provided 
by Druce (1969) who directly correlated his B. spinulicostatus Zone with the 
above zone. However, Ziegler (1971) and Matthews & Naylor (1973) have 
severely criticised the work of Rhodes et a/., suggesting that any correlations 
with the scheme must be tentative. In Belgium the earliest known record of 
G. delicatus is Tn2c (Coni!, Austin, Lys & Rhodes 1969; Groessens 1971), so 
the B. aculeatus aculeatus-G. de/icatus Zone (and therefore the B. spinulico­
sratus Zone of Druce ( 1969)) is probably Tn2c (middle Tournaisian) or slightly 
older. 
Jn the conodont suc-<:ession described by Butler (1973) from the eastern 
Mendips, England, overlapping ranges of Pseudopolygnarhus primus, Poly­
gnathus communis communis, and Spathognathodus crassidentatus characterize 
unit br 2. The Lower Chert, which lies on the boundary of br I and br :2 in the 
Black Rock Group in the Mendips, is also present near the base of the Black 
Rock Limestone in the Avon Gorge. The lower half of the last-mentioned 
formation contains the B. aculeatus aculeatus-B. delicatus Zone of Rhodes 
et al. ( 1969), which is thus approximately equivalent to br 2. Butler ( 1973) 
dated br 2 as Tn3a and Tn3b (late Tournaisian) on the basis of a comparison 
with the Belgian sequence of Groessens ( 1971 ). 
The lack of published information on the ranges of spathognathodid 
and pseudopolygnathid elements prevents direct comparison of the Cania 
fauna with the German or Belgian zones. Polygnathus communis communis 
is restricted to the Tournaisian in Belgium (Coni I eta/. t 969). 
The ranges of Pseudopolygnathus primus and Polygnathus communis 
communis in the Mississippi Valley (Collinson, Rexroad & Thompson, 1971) 
show the assemblage under consideration belongs within a group of four zones, 
the uppermost being the Siphonodella isosticha-stphonodella cooperi Zone 
(see Table 2). The same species of Pseudopolygnathus and Polygnathus correl­
ate the present fauna with the lower three zones in Missouri (Thompson & 
i ·,l!f----,-- _:_::_---l
l .,,., 
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Fellows 1970), and the range of Spathognathodus crassidentatus restricts it to 
the upper two of these, the Siphonodella lobata-Siphonodella crenulata, and 
G. delicatus-Siphonodel/a cooperi cooperi Zones (in ascending order). With 
regard to Pierce & Langenheim's (1972) zonation in Nevada, Pseudopoly­
gnathus primus and Polygnathus communis communis range over five zones 
(see Table 2); however the Cania conodonts compare best with the lowest 
zone, on the admittedly negative evidence of an absence of siphonodellids and 
gnathodids in this zone. The position of the Cania fauna in each of the North 
American successions is directly comparable when the zonations are correlated 
with each other (see Table 2), and this gives a Tn I b-Tn3b age, more likel�. 
Tn2a to Tn3b. 
·· 
Difficulties arise when correlations are attempted between the American 
and overseas sequences. Jenkins ( l 974), using gnathodids, equated his zone 
(b), the lowest zone to which the present conodonts could belong, with the 
Missouri zone overlying the G. delicatus-Siphonodel/a cooperi cooperi Zone; 
the last-mentioned is the uppermost zone with which the assemblage under 
discussion can be compared using polygnathids, pseudopolygnathids, and 
spathognathodids. Jenkins noted (p. 918) 'close parallelism between N.S.W. 
and Missouri gnathodid sequences contrasts with significant differences in the 
vertical distributions of other elements'. 
Likewise, when Rhodes et al. (1969) attempted to correlate the Avon 
Gorge and Mississippi Valley successions, they acknowledged two possibilities, 
one based on gnathodids, and the other, which necessitated a large time gap 
in the American sequence, on siphonodellids. The Cania fauna seems to support 
the first scheme. 
To summarize, the conodonts from the Cania Formation are undoubtedly 
Tournaisian, most probably within the Tn2a-Tn3b inteJVal. This age was also 
obtained for a richer fauna containing almost all the Cania species, from the 
Derrarabungy Beds, near Mundubbera, in the Yarrol Basin I 00 km to the 
south (Little 1972). 
Brachiopod biostratigraphY. Dear (1968) in his work on the Cania district, 
distinguished two assemblages in the Cania formation: a lower Spirifer sol 
Zone, and an upper Prospira tellebangensis Zone. The fauna from the mapped 
area has close affinities with the lower zone, as it contains the same species of 
Schellwienella (from Dear 1963) and a closely related species of Spirifer, but 
also contains the index species of the other zone; it probably lies within the 
Spirifer sol Zone, near to its upper boundary. Dear (1963, p. 116) stated 
that 'the faunas in the upper part of this (Spirifer sol) zone are not particularly 
well known and it may be found that several species at present considered 
diagnostic of the Prospira tellebangensis zone extend below the base of this 
latter zone'. The species of Spiri[er determined in this study was S. lire/Ius not 
S. sol as recorded by Dear (1968); this will be discussed below. 
In Maxwell's (1954) subdivision of a sequence at Mt Morgan (see Table 3) 
Prospira prima and Cleiothyridina australis both occur in his Schizo phoria Zone 
whereas Rugosochonetes magnus is found in the overlying Cleiothyridina and 
Spirifer Zones. This suggests that the Cania fauna occupies a position intermed­
iate between the Schizophoria and Cleiothyridina Zones. 
48 
The present brachiopods fit into the regional eastern Australian success· 
ion (see Tables 3 and 4). From Table 4 it can be seen that the assemblage 
under discussion compares closest with zone 3 (Schellwienella cf. burlingtonen­
sis Zone), which includes zone 3a (Pustula gracilis Zone), although a discrep­
ancy is apparent. lt concerns Spirifer /irellus and S. sol; as already pointed out, 
the characteristics separating the two taxa are minor and only evident if a large 
collection of specimens showing full ontogenetic variation (as is present from 
the study area) is available. It is nevertheless clear that the species from the 
Cania Formation in the mapped area is S lire/Ius. According to Campbell & 
McKellar (1969), S. sol is restricted to their zone 2, and S. lire/Ius to zone 6; 
the present study implies the latter species probably also occurs in zone 3. 
Roberts & Oversby (1974) foundS. sol in zones 2 to 3a, and this, together with 
the extension of the range of S. lirellus, means these two species are of limited 
use as diagnostic forms for precise zonation. 
The Spirifer sol fauna in the Cania Formation was described by Dear 
(1968) before the S. sol Zone was erected by Banks et al. ( 1969); Dear did not 
directly assign his fauna to this zone, contrary to the statement of Roberts 
(1975, p. 10). Although Banks eta/. (1969) and Campbell & McKellar( l 969) 
placed Dear's fauna in the S. sol Zone, Roberts (1975) pointed out that both 
the S. sol and Prospira tellebangensis faunas from the Cania Formation belong 
to the Schellwienella cf. burlingtonensis Zone. This is verified by the brachio­
pod fauna from the study area, which, as already shown, belongs to the S. sol 
fauna and the Schellwienel/a cf. burlingtonensis Zone. The removal of this 
fauna from Zone 2 means there are now no recorded eastern Australian occurr­
ences of Rugosochonetes magnus or Schellwienella cf. burlingtonensis in Zone 
2, and this is important in restricting the range of the latter species to Zone 3. 
The eastern Australian brachiopod succession has been dated by ammon­
oids and conodonts; table 5 shows the correlations between conodont and 
brachiopod zones upon which the conodont age determinations of the brachio­
pod zones are based. 
Conodonts were recovered from the Brushy Hill Limestone Member at 
Glenbawn Dam, New South Wales (Jenkins 1974). This member has also yield­
ed a brachiopod fauna tentatively referred to the Spirijer sol Zone {Roberts 
1975). This is in contrast to Text-fig. 2 of Jenkins (1974), which shows zone 
(a) as an approximate equivalent to the Tulcumbella tenuistriata Zone. Accord­
ing to Jenkins' text-fig. I, conodonts of zones (c) and (d) were found in lime­
stones 600-7 50 m above the Brushy Hill Limestone Member in the Glenbawn 
sequence. This stratigraphic interval, when transferred to Roberts' reference 
section at Glenbawn {Roberts 1975, fig. 4), encompasses- zones 3 and 3a, 
contrary to his statement (Roberts 1975, p. 27) that conodonts of zones (b), 
(c), and (d) have been identified in only zone 3a at Glenbawn. 
Near Keepit, New South Wales, conodonts of zones (b), (c), and (d) were 
extracted from a thick calcareous sequence {the Carellan sequence), close to 
the top of the Tulcumba Sandstone: there are no detailed macrofaunal lists 
for this locality, apart from ammonoids. Thirteen km to the north (near 
Rangari), two limestone beds are present in the Tulcumba Sandstone; the lower 
of these is the Rangari Limestone, which Campbell & Engel ( 1963) considered 
equivalent to the Carellan sequence, although Jenkins (1974) disagreed. The 
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upper limestone at Rangari contains locality L 76, which has a Spirifer s ol Zone 
fauna (Roberts 1975). It seems reasonable to assume the brachiopods from the 
Carellan beds also belong to Zone 2, because Roberts (1975, p. 8) considered 
that L76 was on approximately the same stratigraphic level as locality L22 
(45 km to the south-southeast), both being of Zone 2 age, and the Carellan 
locality is midway between these two spots, geographically and stratigraphic­
ally (see Campbell & Engel 1963, figs. I and 2). 
In the Brownmore-Lewinsbrook area, New South Wales, zone (e) cono­
donts were found in the Bingleburra Formation, which contains Zone 3 brach­
iopods (Roberts 1975); and the overlying Ararat Formation, from which 
zone (f) conodonts were recovered, has a brachiopod fauna of possibly Zone 
3a affinities (Roberts 1975, p. 13). From the top of the Ararat Formation and 
the base of the Bennington Formation Zone 4 brachiopods are known (Roberts 
1961 ), and a limestone almost on the boundary between the two formations 
has yielded zone (f) conodonts. According to Roberts (1975, p. 29), the zone 
(g) conodonts from the Flagstaff Formation were extracted from the Delepinea 
aspinosa Zone (Zone 5). From text-fig. 1 of Jenkins (1974) it would appear 
that zone (g) conodonts were also found within an unnamed formation, in a 
limestone directly underlying a conglomeratic sandstone designated "Unnamed 
Sandstone" on fig. 7 of Roberts (1975); this limestone corresponds to a 
Zone 6 brachiopod fauna. 
Table 5 shows it is difficult to directly correlate brachiopod and conodont 
zones, unless the Carellan sequence has a Zone 3 rather than Zone 2 brachio­
pod fauna. In any case, the brachiopod fauna from the Cania Formation in 
the study area belongs to the Schellwienella cf. burlingtonensis Zone (Zone 3); 
this zone may correspond to conodont zones (b)-(t) (see Table 5). However, 
the conodont fauna from the limestone above the sandstone containing the 
brachiopods belongs to zones (b) to (d), and thus restricts the age of the 
brachiopods to these zones. Using the correlation published by Jenkins (1974), 
the assemblage under consideration is Tn3a to Tn3b in age. 
Roberts (1975) showed the Schellwienella cf. burlingtonensis Zone 
extends from Tn3a to VI. Ammonoid evidence verified this, indicating that 
the zone covers Culla and the lower part of Cull-y (i.e. Tn3c to VI), remember­
ing that below Cullet there is a gap in the ammonoid zonation (Jones et al. 
1973). 
?Caswell Creek Group 
Distribution. The Caswell Creek Group (McKellar 1967) has a wide distribution 
along the eastern margin of the Yarrol Basin in the Monto I :250 000 Sheet 
area (Dear eta/. 1971 ). 
Relationships. The strata under consideration are faulted to the west against 
the Yoularnbie Conglomerate, their eastern boundary lying outside the mapped 
area. The Caswell Creek Group conformably overlies the Lower Carboniferous 
Crana Beds and is disconfonnably succeeded by the Upper Carboniferous 
Branch Creek Formation (McKellar 1967). The Cania Formation grades later­
ally into the Crana Beds and the lower part of the Caswell Creek Group (Dear et 
a/. 1971). 
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lithology. The strata are made up of sandstones, siltstones, and mudstones 
with interbedded intennediate and (occasionally) acid volcanics. The basal unit 
in the south of the study area is a sequence of interbedded limestones (contain­
ing rare corals and conodonts), calcareous volcanolithic wackes, and massive 
brown siltstones. The unit exhibits considerable lateral variation: at its south­
ern limit the limestone is an oosparite, within which is a very distinctive mark­
er bed of intrasparrudite containing large, well-rounded, subspherical intra­
clasts (botryoidal lumps). The oosparite grades northwards into a crinoidal 
intrasparite, composed mainly of crinoid fragments surrounded by micrite 
fringes which vary in thickness. A small limestone exposure further north, 
separate from the main outcrop, is characterized by abundant oncolites. These 
are well-rounded, subspherical, micrite bodies with very fine, regular, con­
centric banding, often apparently lacking nuclei. This oncolitic biosparite also 
contains rare well-rounded rhyolite pebbles, and is intercalated with thin­
bedded intrasparites and silty biosparites. The northernmost extension of the 
limestone sequence is marked by an exposure of silty sparite, in which the 
cement has recrystallized to form 'rafts' enclosing many grains. 
Environment of deposition. The clastics appear to have been laid down in 
quiet, near- or off-shore conditions, since fine-grained well-bedded sediments 
are most common, and calcite is often present in the groundmass. 
The limestones and associated clastics were most likely deposited in 
shallow water, and the lateral variation present probably reflects facies changes 
on a carbonate shelf followed from landward to seaward. The northernmost 
detrital limestone could represent the margin of the shelf, possibly the land­
ward edge receiving detritus discharged by rivers. This is the terrigenous facies, 
similar to that described from the Permian El Capitan reef complex of Texas 
and New Mexico (Newell eta/. 1953). 
The oncolite facies to the south appears to reflect a back-reef situation. 
Although the oncolites under consideration show more regular banding than 
is normal for algal nodules (e.g. Veevers 1968), they are still regarded as being 
of algal origin. This evidence of abundant algal activity, plus the absence of 
micrite and the eroded nature of many of the oncolites, indicates a shallow, 
strongly agitated environment with well-oxygenated water of normal salinity 
and high light penetration. Playford & Lowry ( 1966) described a similar 
oncolite subfacies within a back-reef facies in the Devonian of the Canri ng 
Basin, Western Australia. 
Three hundred metres to the south of the oncolitic biosparites are the 
intrasparites, characterized by the presence of coated allochenis. Unhanded 
micrite envelopes, of variable thickness, are believed to be due to algal activity 
(Bathurst 1971) and so this facies probably formed under the same conditions 
as the oncolites. The solitary corals present imply only moderate turbulence 
since, if the water was strongly agitated, the coated allochems would have 
provided a shifting bottom, rather than the solid substrate necessary for coral 
growth. A similar 'coated shell' facies exists on modern Cuban back-reefs 
(Daetwyler & Kidwell 1959). 
The oosparite, the southernmost rock type, probably formed under much 
the same conditions as the oosparite in the Cania Formation, i.e. on warm, 
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shallow, wave-washed, back-reef shoals with low algal activity. The intra­
sparrudite bed indicates erosion of the oosparite; possible causes include a 
freak storm or a temporary lowering of sea level. 
The reef and fore-reef facies, typically present in modern fossil carbonate 
complexes, are absent in the study area; most likely erosion prevented their 
preservation. 
Thickness and correlation. Lack of outcrop and known faulting preclude any 
meaningful estimate of thickness. 
To the south of the mapped area a sequence of oolitic, reefal, and terrig­
enous limestones is exposed as a northwest-trending belt east of Manto. Named 
the Cannindah Limestone by Jull (1968), it was fonnerly referred to the 
Baywulla Fonnation in the Yarrol Basin by Maxwell (1961) and Jull (1968), 
but is now correlated with the older Splinter Creek Formation of the Caswell 
Creek Group (Jull 1974a), and dated as middle Visean (Jull 1974a, b). 
The limestone of the study area is very similar lithologically to the 
Cannindah Limestone although it lacks reefal sediments, and appears to form a 
northward extension of this formation. However, the two are separated by 
10 km devoid of outcrop, and Jull (1968) considered that because the northern 
termination of the Cannindah Limestone is near the major fault zone of the 
Mulgildie Fault, the relationship between exposures further north and the 
main limestone unit was indeterminate. On the basis of a meagre coral­
conodont fauna, the present limestone is dated Tournaisian, so if it is part of 
the Cannindah Limestone, the latter formation is obviously diachronous. 
Therefore, lack of direct evidence allows only provisional correlation of 
the beds under discussion with the Caswell Creek Group. 
Fauna. Coelenterata. Several small corallites were assigned to Amygdalo­
phyllum sp.; Jull ( 1965) found a very similar species at Cannindah. 
In the youngest phase of Caninia sp. A the corallites are 9-10 mm in 
diameter and the septa are dilated, some showing axial expansion. The major 
septa closely approach the axis, and in the very youngest stages probably reach 
it; small minor septa occur. The cardinal fossula is not well marked, and the 
cardinal septum is only slightly shorter than the counter septum. Dissepiments 
are absent. At a corallite diameter of 14-18 mm the major septa are withdrawn 
from the axis, those in the counter quadrants becoming radially arranged and 
less dilated. In addition the cardinal septum is shortened, and the cardinal 
fossula significant, the thickened septa in the cardinal quadrants being deflect­
ed slightly around it. The centre of the corallite is occupied by small domed 
tabulae. · 
In the most advanced stage of Caninia sp. A found (see Pl. 2, figs. 12-14) 
the corallite is 18-22 mm in width; the septa are thin and withdrawn farther 
from the axis, occupying less than half the radius. Minor septa are well-develop­
ed and are about 0.25 times the length of the major septa, of which there are 
31 to 33. The counter septum extends into the tabularium, and the cardinal 
fossula is often indistinct. A complete or incomplete series of large lonsdaleoid 
dissepiments prevent the septa reaching the periphery; septal spines may 
develop on the larger dissepiments, of which there are up to three rows. Inter-
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septal dissepiments are lacking in all but the most mature forms. In longitudinal 
section the lonsdaleoid dissepiments are large and steeply dipping, and the 
tabulae are simple, with a flat, rarely inclined axial portion and sharply down­
turned edges (PI. 2, fig. 12). There is no change in slope of the tabulae at the 
cardinal fossula. 
A single specimen, designated here Caninia sp. B (Pl. 2, fig. 11), is very 
similar to Caninia sp. A in that it has a single outer row of large lonsdaleoid 
dissepirnents, the major septa are withdrawn from the axis, and there is no 
axial structure. However, it differs in possession of a wide zone (up to 4 rows) 
of concentric dissepiments, and depression of the tabulae at the cardinal 
fossula. 
A number of species of this genus with the general features of short septa 
in the adult stage, simple tabulae and no axial structure have been described, 
e.g. by Hill (1939) and Easton (1962), but all differ in other respects from the 
present specimens. Undescribed fonns of Caninia have been found in Queens­
land (McKellar 1967) and New South Wales (Roberts 1961 ). 
Conodontophorida. A single spathognathodid, Bispathodus sp. A (Pl. 3, fig. 5), 
may represent an aberrant fonn; it has a small sharp fold in the oral margin 
above the baSal cavity, and at the posterior end of this, midway between the 
oral and aboral margins, is a small node (? satellite lateral denticle). B. acu/eatus 
anteposicomis (Scott 1961) possesses a single lateral denticle, but it is usually 
prominent and situated anterior to the basal cavity. 
Age. The conodonts from the possible Caswell Creek Group equivalents (see 
Table 1) include only two species of biostratigraphic significance, Pseudo­
polygnathus dentilineatus and P. primus. In the U.S.A. these indicate t�e same 
age as for the Cania assemblage, i.e. Tn I b to Tn3b. In the Avon Gorge the 
two species occur together in the B. aculeatus aculeatus-G. de/icatus Zone and 
the zone overlying it, giving an age of Tn2c-Tn3c (using the Belgian occurrence 
of G. delicatus) or Tn3a-Tn3c (from Butler 1973). In the Mendip Hills success­
ion the ranges of P. dentilineatus and P. primus do not overlap; the former 
species is restricted to a unit of Tn2c age, and the latter to one of Tn3a-Tn3b 
age (Butler 1973). In the German zones of Meischner (1970) P. dentilineatus 
is confined to strata ofCul (Tnlb) age, but in Belgium Conil, Lys & Mauvier 
(1964) discovered it ranging from Tn I to Tn3. Thus the fauna from the 
?Caswell Creek Group can be dated no more precisely than Tournaisian. The 
corals give no detailed age indication. 
Youlambie Conglomerate 
Distribution. This unit can be traced over much of the western portion of the 
Yarrol Basin, extending from 10 km southeast of Manto to "as far north as the 
Fitzroy River (Dear et a/. 1971; Kirkegaard, Shaw, & Murray 1970). 
Relationships. The Youlamble Conglomerate lies disconformably on the Cania 
Formation. Within the area studied its upper beds are faulted against possible 
equivalents of the Caswell Creek Group, but 20 km to the north it is con-
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formably overlain by the Lower Permian Yarrol Formation (Dear eta/. 1971). 
Lithology. The formation, although dominated by conglomerates in the type 
section (Dear 1968), consists in the present area mainly of sandstones, with 
conglomerates, minor siltstones, and mudstones: several tuffs, ignimbrites, and 
lavas also occur. 
The sandstones are mostly lithic or feldspathic wackes, lacking sediment· 
ary structures apart from occasional smaJI-scale graded bedding and cross­
bedding. They yielded a restricted bivalve fauna and black silicified wood; 
poorly preserved plant fossils are found in the siltstones. 
The conglomerates range from moderately well sorted petromict ortho­
conglomerates to very poorly sorted diamicites. The majority are diamictes� 
composed of well-rounded ctasts up to 0.5 m in diameter 'Boating' in a matrix 
of lithic wacke. Intraformational conglomerates, made up of large, elongated, 
unoriented fragments of dark grey siltstones in a brown medium-grained 
sandstone, also occur. 
Thickness. The maximum thickness of the Youlambie Conglomerate in the 
mapped area is 2 500 m; this does not represent the full thickness as the unit 
is fault-truncated along its northeastern boundary. Minor folding and/or fault­
ing probably account for the excess of this figure over the previously recorded 
maximum of I 800 m (Dear et a/. 1971); the absence of marker beds makes it 
difficult to delineate such small-scale faults and folds within the formation. 
Environment of deposition. Dear (1968) thought the strata to be largely 
terrestrial, glacial processes being important in initial deposition and minor 
marine incursions accounting for the bivalve fauna. However, the present study 
suggests the Youlambie Conglomerate in the study area is marine and non­
glacial in origin. Elsewhere, particularly to the northwest where coal seams 
occur, the formation may be terrestrial. There is a paucity of sedimentary 
characters typical of a terrestrial environment, and a morphometric analysis 
of clasts from the conglomerates, following Sames ( 1966), shows that the last 
effective abrasive medium affecting the pebbles was waves and currents of 
the littoral environment (see Text-fig. 3). 
No direct evidence for glaciation appears to exist. The only sedimentary 
criterion of glacial origin that can be used alone and considered decisive, apart 
from scanning electron microscope studies of quartz grain surface textures, 
is the presence of numerous large boulders penetrating and deforming the host 
strata (Harland, Herod, & Krinsley 1966). Dear eta/. ( 1971) recorded a single 
instance of ·erratics' deforming the bedding of a siltstone, but this could be 
due to other causes, e.g. biological rafting in the roots of trees. They also noted 
faceted pebbles and vanres; the former were not found in the study area, and 
Kirkegaard et al. ( 1970) failed to discover any in the Youlambie Conglomerate 
in the Rockhampton 1:250 000 Sheet area. The 'varves' seem to lack the 
symmetry of the true glacial vanres. 
Diamictites such as those within the formation are believed to be the 
result of submarine mudflows which retained their cohesion, rather than 
forming true turbidity currents (Dott 1963). The churning of the flows pro-
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duced the unsorted, heterogenous texture, and bottom erosion caused the 
angular siltstone rip-up clasts of the associated intrafonnational conglomer· 
ates. The sandstones and siltstones intercalated with the conglomerates repres· 
ent normal subaqueous deposition after cessation of gravity movement. 
Crowell ( 1957) postulated that the key factor necessary for the formation 
of diamictites was the deposition of coarse sediment on a mud surface, and 
Stanley & Unrug ( 1972), working on Holocene sediments in the Mediterran­
ean, found that river gravels form small deltas along the shoreline, where 
lateral near-shore currents and waves reabrade the pebbles. At times of flood 
or storm the gravels are transported onto the off-shore muds, and this sudden 
loading of the already unstable mud surface can result in immediate failure, 
i.e. a viscous flow. Such a sequence of events is likely to have played an import· 
ant role in the accumulation of the Youlambie Conglomerate, with the ortho· 
conglomerates representing beach or delta gravels, and the diamictites 
continental shelf or slope sediments. 
Fauna. Bivalvia. The small, moderately well preserved bivalve fauna from the 
Youlambie Conglomerate contains only 4 species (see Table 1). The valves of 
Schizodus australis (Runnegar 1969) have a schizodean hinge, in that the left 
valve lacks the posterior limb of the pivotal tooth and the small posterior 
tooth, both of which characterize the myophorian hinge grade to which Neo­
schizodus belongs (Newell & Boyd 1975). They are therefore reassigned to 
Schizodus, although they have well·marked anterior and less obvious posterior 
myophorous buttresses; these are normaJly lacking or weak in this genus 
(Newell & Boyd 1975). 
The specimens collected of Eurydesma play[ordi Dickins 1957 (Pl. 2, 
figs. 1·3) vary considerably, and can be distinguished from the closely related 
E. cordatum (Morris 1845) and E. h obartense (Johnson 1887) only by their 
lack of a well�eveloped saddle·shaped tooth in the left valve. The shape of 
the shell, size of the umbones, and depth of the byssal notch do not appear 
to be as distinctive as Runnegar (1970) stated. During the ontogeny of the 
shells under discussion, the byssal notch shallows and the umbones thicken, 
as also found in £. cordatum and E. hobartense by Runnegar ( 1970). The 
prominence of the well�eveloped tooth in the right valve also decreases mark­
edly. There is a considerable size range; a juvenile (fig. 3) has a height of 
47 mm, length of 47 rnrn, and a width of 16 rnm, whereas the largest adult 
collected is 85 x 81 x 35 mm. 
Age. The bivalves from the Youlambie Conglomerate in the study area (see 
Table I) belong to the Allandale Fauna, which is characterized by Eurydesma 
playfordi, Schizodus australis, and Deltopecten illawarensis (Morris 1845). 
This fauna has been recognized in the Sydney Basin and Tasmania, and can 
be correlated with the late Asselian-early Sakmarian Lyons Group of Western 
Australia (Runnegar 1969). 
In the Permian zonation for Australia erected by Runnegar & McClung 
(1975) the lowest zone, possibly spanning the Carboniferous-Permian bound· 
ary, has as index Megadesmus pristinus, Runnegar 1974. This species was 
found in the Youlambie Conglomerate in the present study and by Runnegar 
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(1969, 1974). 
Dear et a/. ( 1971) recorded from a locality 150 m above the base of the 
Youlambie Conglomerate, near Cania, a flora containing Cardiopteris poly­
morpho (Goeppels 1884) and Noeggerathiopsis spatula/a (Dana 1849), species 
normally regarded as respectively Carboniferous and Permian in age. This was 
thought to be a mixed Carboniferous-Permian flora, but the identification of 
the former species is in doubt, as Qzrdiopteris is a loosely defined artificial 
taxon not adequately distinguished from the Permian genera Neuropteridium 
and Gondwanidiurn (Balme 1973). Higher in the Yoularnbie Conglomerate a 
definitely Pennian flora with Glossopteris and Gangamopteris is known (Dear 
et a/. 1971). The floras collected during the present study are also Permian in 
age. 
Evergeen Fonnation 
Within the study area this formation outcrops to the west of the Mul­
gildie Fault as a soft, porous, very well sorted, brown quartzose arenite. The 
Evergeen Fonnation represents a shallow water marine and fluviatile deposit 
(Mollan, Dickins, Exon, & Kirkegaard 1969), dated in the Surat Basin as 
Early Jurassic, on palynological evidence (McKellar 1974). 
Tertiary Basalts 
Two flows of olivine-bearing alkali basalts outcrop; some of the basalts 
contain, as well as olivine phenocrysts, xenocrysts of subhedral enstatite and 
xenoliths of basic volcanics. 
One sample was dated as 47 m.y. (Eocene) (Mateen, unpubl. data); 
basalts of similar age have been recorded elsewhere in eastern Australia (Green 
& Stevens 1975). 
Undifferentiated Cainozoic 
Extensive Cainozoic floodplain deposits of clay, silt, sand, and gravel 
occur along Monal and Youlambie Creeks; the smaller streams have only 
minor alluvial deposits. AU creeks show signs of rejuvenescence, with resultant 
frequent development of small-scale box canyons. A fairly thick soil cover 
is developed throughout the area, and only occasional rock outcrops are 
visible. 
IGNEOUS INTRUSIONS 
The northern outcrops of the ?Caswell Creek Group equivalents and the 
Youlambie Conglomerate afe intruded by small dykes of strongly weathered 
andesite and larger dykes of granodiorite (see Text-fig. 2). The Cania Form­
ation at 085558 is intruded by small dykes of pink adamellite, characterized 
by graphic intergrowths of quartz and orthoclase. 
An intermediate sill is emplaced in the lower beds of the Youlambie 
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Conglomerate and the upper strata of the Cania Formation (see Text-fig. 2). 
The rock type is a coarse-grained diorite, with euhedral andesine phenocrysts 
in a doleritic groundmass of large poikilitic diopsides enclosing plagioclase 
laths. 
A boss of weathered greenish diorite, closely resembling the above sill 
ln texture and composition, intrudes the ?�aswell Creek Group equivalents, 
and outcrops over a large portion of the northeastern comer of the study area. 
A small diorite intrusion in the southeast penetrates the same rocks and 
contains pleochroic green hornblende, which was dated by the 40 Ar/39 Ar 
method as 224 m.y. (Middle Triassic) (Mateen, unpubl. data). This is located 
geographically within a group of Yarrol Basin intrusives which have been 
dated as Early and Middle Triassic (Webb & McDougall 1968), and so seems 
closely related to them. 
METAMORPHISM 
Minor contact metamorphic effects occur round some of the intrusions, 
and both Carboniferous and Permian rocks show signs of low·grade regional 
metamorphism. Epidote and chlorite are almost ubiquitous, and the Carbon· 
iferous intermediate and basic volcanics possess the following mineral assembl· 
ages: calcite-quartz·prehnite·epidote, pumpellyite-prehnite-epidote·albite, and 
actinolite·epidote-calcite-prehnite. These identify the metamorphic facies as 
prehnite·pumpellyite, the highest of those bridging the interva1 between zeo1ite 
and greenschist facies (Coombs, Ellis, Fyfe, & Taylor 1959). 
STRUCTURE 
Little detailed structural work could be done due to poor outcrop. A joint 
study showed that the 5 principal joint directions are all vertical and strike at 
000°, 020°, 04 5°, I 2 5°, and 16 5°; most are recognizable in both Carboniferous 
and Permian fonnations. 
Poles to the bedding planes measured for each of the three Upper Palaeo· 
zoic formations are scattered, but show a common trend in that while the 
strike ranges from about 140° to 160°, the dip varies considerably in magnit· 
ude from northeast to southwest. The Youlambie Conglomerate and Cania 
Formation both lie in the southern portion of a fault block containing the 
northwest trending Spring Creek Syncline, the axis of which lies 8 km to the 
north (see Text·fig. 1 ). It appears likely that minor parasitic folding, together 
with the flexure of the syncline itself, could account for the spread of measure· 
ments. Likewise, the Tellebang Anticline, a major north·northwest aligned 
structure in the block which includes the ?Caswell Creek Group equivalents 
(see Text·fig. I), could have caused the scatter in bedding directions found in 
the last·mentioned strata. 
A major low·angle dip·slip fault, striking 150° and dipping 30°SW, was 
mapped in the ?Caswell Creek Group in the northern part of the study area 
(see Text-fig. 2). It has distinct slip striations (trend 250•, plunge 3 5°W), 
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and is characterized by the development of thick brown calcite veins along the 
slip surface. 
The fauJt plane of the Three Moon Fault, separating the Youlambie 
Conglomerate and ?Caswell Creek Group, is unexposed, but can be estimated 
to strike at 150°-160°. This fault has been postulated by previous authors 
(Crook & Hoyling 1968; Dear et al. 1971) to be high-angle, downthrown to 
the southwest. 
High-angle strike-slip faults with an average strike of 70° were recorded 
from the Cania Fonnation in which the oosparite acted as a useful marker bed. 
In the southwest comer of the area studied, the Evergeen Formation 
dips vertically, probably because of drag along the Mulgildie Fault separating 
the sandstone from the Cania Fonnation. Work by Dear et a/. (1971) and 
Prakla (1963) showed the fault to strike at 130•, and dip at so• -60•, and it 
was inferred to be a reverse fault. 
GEOLOGICAL HISTORY 
The oldest strata in the study area are Tournaisian, and represent shallow 
water shelf deposition on the western edge (Dumgree Arch) of the Y arrol 
Basin; the sedimentary facies are indicative of deepening water eastwards 
(Dear eta/. 1971). The warm (probably sub-tropical) climate and shallow 
conditions of the shelf promoted development of oolitic limestones preserved 
at several horizons. Alternating episodes of acidic and intermediate volcanicity, 
with occasional ignimbrite eruptions, were typical of the western Dumgree 
Arch at that time, but in the eastern part and the Yarrol Syncline dominantly 
andesites were extruded; acid volcanics and ignimbrites were rare. Numerous 
dykes were intruded. 
The oolite banks develOped earlier in the western portion of the Arch 
than to the east, suggesting a gradual eastward withdrawal of the sea; this 
regression first becomes noticeable in the late Toumaisian, when sediment 
accumulation in the west ceased, and in the Vise'an shallow water sediments 
were deposited to the east and southeast of the Dumgree Arch. By the late 
Vise'an, the locus of accumulation was well to the east of Manto, and is now 
preserved only along the eastern structural margin of the Yarrol Basin. The 
Dumgree Arch seems to have remained very stable throughout this time, 
probably a cessation of subsidence, perhaps accompanied by a slow uplift; 
caused the depositional regression. 
A Late Carboniferous transgression in the Yarrol Basin is represented 
by clastic sediments deposited to the east of Monto; this possibly extended 
onto the Dumgree Arch in the Carboniferous, as the lower strata of the Youl­
ambie Conglomerate may be Upper Carboniferous. Diamictites indicative 
of moderate water depth occur at the base of this formation, rather than the 
shallow water clastics normally found at the bottom of a transgressive unit, 
so the transgression may have been fairly rapid. On the other hand, the basal 
conglomerates might not have been preserved if a high energy situation at 
the coastline facilitated their removal to deeper water, as in an erosional 
transgression. 
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In the Early Permian marine sedimentation was continuous throughout 
the Yarra! Basin and as far west as the Auburn Arch, but came to a close in 
the late Early Permian. Folding, faulting, and uplift of the sequence began 
and continued, probably intermittently, through the Late Permian and into 
the Early Triassic. After a phase of folding, the major thrust faults developed, 
resulting, in the study area, in the over-riding of the Spring Creek Syncline 
by the western limb of the Tellebang Anticline along the Three Moon Fault 
(see Text-fig. I) (Dear et al. 1971 ). 
Granite was emplaced in two phases, Late Permian and Early to Middle 
Triassic, the fl.fSt contemporaneous with, and the second post-dating, the 
Hunter-Bowen Orogeny (Webb & McDougall !968); a diorite in the area 
mapped belongs to the latter phase. Early and Middle Jurassic movement took 
place along the Mulgildie Fault, and subsidence to the west of this formed 
the Mulgildie Basin, in which Lower Jurassic freshwater sediments and coal 
seams accumulated. 
Late in the Tertiary lava sheets of olivine basalt were extruded; these 
covered large areas in the Monto district and are the main factor influencing 
the geomorphology. Holocene sea-level changes are reflected in the rejuven­
ation of many of the streams and gullies, which are actively deepening their 
courses. 
ACKNOWLEDGEMENTS 
I would like to express my deep appreciation to Dr G. Playford for his 
helpful advice and encouragement, and to Drs M.M. Wilson, E. Heidecker, 
J.S. Jell, D.C. Green, and G.R. Orme, and other staff members and post· 
graduate students of. the Department of Geology and Mineralogy, University 
of Queensland, for their useful comments and assistance. Professor A.F. Wilson 
kindly made the facilities of the above Department available. 1 also profited 
from discussions with Dr J.F. Dear (Layton and Associates, Brisbane), Dr B. 
Runnegar (Department of Geology, University of New England), and 
Dr G. McClung (Geological Survey of Queensland). 
Sincere thanks are extended to Mr A. Mateen, who carried out the geo­
chronological determinations, to the technica1 staff of the Department, partic­
ularly Mr A.S. Bagley, and to Mr J. Coker and Mr J.V. Hardy, who photo­
graphed many of the fossils. 
This research was undertaken during the tenure of the A.B. Walkom 
Scholarship, a Duncan McNaughton Scholarship, and a Commonwealth Uni­
versity Scholarship. 
61 
REFERENCES 
BALME, B.E. 1973. Age of a mixed Cardiopteris and Glossopteris flora. J. geol. Soc. Aust., 
20, 103-104. 
BANKS, M.R., et al. 1969. Correlation charts for the Carboniferous, Pennian, Triassic, and 
Jurassic Systems in Australia. Proc. 1st GondwalUJ Symp., Argentina, 1967, 467-
483. 
BATHURST, R.G.C. 1971. CarboMte sediments and their diagenesis. Developments in 
Sedimentology 12. Elsevier, Amsterdam. 
BEESTON, J.W. 1975. An Early Permian moUuscan fauna from the Youlambie Conglomer­
ate, Yarrol Basin, with a revision of the genus Montospira Maxwell 1964. Qd 
Govt Min. J., 76,394401. 
BUTLER, M. 1973. Lower Carboniferous conodont faunas from the eastern Mendips, 
England.Palaeonto/ogy, 16,477-517. 
CAMPBELL, K.S.W., & ENGEL, B.A. 1963. The faunas of the Tournaisian Tulcumba Sand­
stone and its members in the Werrie and Belvue Synclines, New South Wales. 
J. geol. Soc. Aust., 10,55-122. 
CAMPBELL, K.S.W., & McKELLAR, R.G. 1969. Eastern Australian Carboniferous inverte­
brates: sequence and affmities; in CAMPBELL, K.S.W. (Ed), Stratigraphy and 
palaeontology, 77-119. A.N.U. Press, Canberra. 
COLLINSON, C.W., REXROAD, C.G., & THOMPSON, T.F. 1971. Conodont zonation of 
the North American Mississippian; in SWEET, W.C., & BERGSTROM, S.M. (Eds), 
Symposium on conodont biostratigraphy. Mem. geol. Soc. Am., 127, 353-394. 
CONIL, R., AUSTIN, R.L., LYS, M., & RHODES, F.H.T. 1969. La limite des �tagesTourn­
aisien et viseen au stratotype de l'assise de Dinant. Bull. Soc. beige Gtol. Pallont. 
Hydro/., 77,36-39. 
CONIL, R., LYS, M., & MAUVIER, A. 1964. Criteres micropallontologiques essentiels des 
formations-types du Carbonifere (Dinantien) du bassin Franco-Beige. C.R. 5th 
Cong. Avanc. Etud. Stratigr. Geol. Carb., Paris, 1963, I, 325-332. 
COOGAN, A.H. 1969. Recent and ancient carbonate cyclic sequences; in ELAN, J.C., & 
STEWART, C. (Eds), Symposium on cyclic sedimentation in Permian basins, 5-
16. Midland, West Texas GeOI. Soc. 
COOMBS, D.S., ELLIS, AJ., FYFE, W.S., & TAYLOR, A.M. 1959. The zeolite facies, 
with comments on the interpretation of hydrothermal syntheses. Geochim. cos­
mochim. Acta, 17,53-107. 
CROOK, LJ., & HOYLING, N.H. 1968. Final report, A.P. Bukali No. I, A.P. 137P, Qd. 
Company Rep. 2640 (unpubl.). 
CROWELL, J.C. 1957. Origin of pebbly mudstones. Bull. geol. Soc. Am., 68,993-1010. 
CVANCARA, A.M. 1958. Invertebrate fossils from the Lower Carboniferous of New South 
Wales. J. Paleont., 32, 846-888. 
DAE1WYLER, C.C., & KIDWELL, A.L. 1959. The Gulf of Batambano, a modern carbonate 
basin. hoc. 5th World Petrol. Congr., N. Y.,J959, 1, 1-21. 
DEAR, J.F. 1963. Upper Palaeozoic biostratigraphy of the Yarrol Basin in the vicinity of 
Manto. Univ. Qd Dep. Ceol. Ph.D. Thesis (unpubl.). 
DEAR, J.F. 1968. The geology of the Cania district. Pubis geol. Sun>. Qd, 330, 1-27. 
DEAR, l.F., McKELLAR, R.G., & TUCKER, R.M. 1971. Geology of the Monto 1:250 000 
Sheet area. Rep. geol. Su111. Qd, 46,1-124. 
62 
DOTT, R.K. 1963. Dynamics of subaqueous gravity depositional processes. Bull. Am. Aswc. 
Petrol. Geol., 47, 104-128. 
DRUCE, E.C. 1969. Devonian and Carboniferous conodonts from the Bonaparte Gulf 
Basin, Northern Australia. Bull. Bur. Miner. Resour. Geol. Geophys. Aust., 98, 
1-242. 
EASTON, W.H. 1962. Carboniferous formations and faunas of central Montana. Prof. Pap. 
U.S. geo/. Surv., 348, 1-126. 
EDJE, R.W. 1958. Mimssippian sedimentation and oil fields in southeastern Saskatchewan; 
in GOODMAN, AJ. (Ed), Jurassic and Carboniferous of western Canada. John 
Andrew Allen Memorial Volume, 331-363. Am. Assoc. Petrol. Geol., Tulsa. 
FLINT, R.F., SANDERS, J.E., RODGERS, J. 1960. Diamictite: a substitute term for 
syrrunictite. Bull. geol. Soc. Am., 71, 1809-1810. 
FOLK, R.L. 1968.Petrology of sedimentary rocks. Hemphill's, Texas. 
GREEN, D.C., & STEVENS, N.C. 1975. Age and stratigraphy of Tertiary volcanic and 
sedimentary rocks of the Ipswich district, southeast Queensland. Qd Govt Min. 
J., 76,148-151. 
GROESSENS, E. 1971. Les conodontes du Tournaisien supe'rieur de Ia Belgique. Prof. 
Pap. geot. Serv. be/g., 4/1971,1-19. 
HARLAND, W.B., HEROD, K.N ., & KRINSLEY, D.H. 1966. The defmition and identific­
ation of tills and tillites. Earth Sci. Rev., 2, 225-256. 
HILL, D. 1939. A monograph of the Carboniferous rugose corals of Scotland. Palaeont. 
Soc., London, 2, 79-114. 
HILL, D. 1951. Geology in Handbook of Queensland, 13-24. Aust. N.Z. Ass. Advmt Sci., 
Brisbane. 
JENKINS, T .B.H. 1974. Lower Carboniferous conodont biostratigraphy of New South 
Wales. Palaeontology, 11,909-924. 
JONES, P.J., CAMPBELL, K.S.W., & ROBERTS, J. 1973. Correlation chart for the Carbon· 
iferous System of Australia. Bull. Bur. Miner. Resour. Geol. Geophys. Aust., 
156A,l-40. 
JULL, R.K. 1965. The Carboniferous (VisCan) corals of Queensland. Univ. Qd Dept. Geol. 
Ph.D. The�s (unpubl.). 
JULL, R.K. 1968. The Lower Carboniferous limestones in the Manto-Old Cannindah dis­
trict. Qd Govt Min. J., 69, 199-201. 
JULL, RJC 1974a. Aphrophyllum and allied genera of rugose corals from Lower Carbon­
iferous (Vise"an) beds in Queensland. Proc. R.Soc. Qd, 85, 1-26. 
JULL, R.K. 1974b. The rugose corals Lithostrotion and OriofUlstraea from Lower Carbon­
iferous (VisCan) beds in Queensland. Proc. R. Soc. Qd, 85,57-76. 
KIRKEGAARD, A.G., SHAW, R.D., & MURRAY, C.G. 1970. Geology of the Rockhampton 
and Port Clinton 1 :250 000 Sheet areas, Queensland. Rep. geol. Surv. Qd, 38, 
1-124. 
KLAPPER, G. 1966. Upper Devonian and Lower Mississippian conodont zones in Montana, 
Wyoming and South Dakota. Paleont. Contr. Univ. Kans., 3, 143. 
LITTLE, S.V. 1972. Geology and conodont micropalaeontology of the Derrarabungy Creek 
area, south-east Queensland. Univ. Qd Dept. Geol. B.Sc. Hans Thesis (unpubl.). 
MAITHEWS, S.C., & NAYLOR, D. 1973. Lower Carboniferous conodont faunas from 
southwest Ireland. Palaeontology, 16,335-380. 
MAXWELL, W.G.H. 1954. Upper Palaeozoic formations in the Mount Morgan district -
faunas. Pap. Dep. Geol. Uni�. Qd, 4, 1-69. 
63 
MAXWELL, W.G.H. 1960. Tournaisian brachiopods from Baywulla, Queensland. Pap. Dep. 
Geo/. Univ. Qd, S, 1-10. 
MAXWELL, W.G.H. 1961. Lower Carboniferous brachiopod faunas from Old Cannindah, 
Queensland. J. Paleont., 35,82-103. 
MAXWELL, W.G.H. 1964. The geology of the Yarrol region. Part 1. Biostratigraphy. Pap. 
Dep. Geo/. Univ. Qd, 5,1-79. 
McKELLAR, J.L. 1974. Jurassic miospores from the upper Evergreen Fonnation, Hutton 
Sandstone and basal Injune Creek Group, northeastern Surat Basin. Pubis geol. 
Sul'l'. Qd, 361, 1-90. 
McKELLAR, R.G. 1961. The geology of the Bancroft-Dakiel area of Queensland. Univ. 
Qd Dep. Geol. B.Sc. Hans Thesis (unpubl.). 
McKELLAR, R.G. 1967. The geology of Cannindah Creek area, Manto district, Queensland. 
Pubis geo/. Sul'l'. Qd, 331, 1-38. 
MEISCHNER, K.D. 1970. Conodonten-Chronologie des deutschen Karbons. C.R. 6th Cong. 
A vane. Erud. Stratigr. Geol. Carb., Sheffield, 1967, 3, 1169-1180. 
MOLLAN, R.G., DICKINS, J.M., EXON, N.F., & KIRKEGAARD, A.G. 1969. Geology of 
the Springsure 1 :250 000 Sheet area, Queensland. Rep. Bur. Miner. Resour. Geol. 
Geophys. Aust., 123, 1-119. 
NEWELL, N.D., et al. 1953. The Permian reef complex of the Guadalupe Mountains region, 
Texas and New Mexico. Freeman, San Francisco. 
NEWELL, N.D., & BOYD, D.W. 1975. Parallel evolution in early trigonacean bivalves. 
Bull. Am. Mus. nat. Hist., 1S4,1-162. 
NEWELL, N.D., PURDY, E.G., & IMBRIE, J.C. 1960. Bahamian oolitic sand. J. Ceo/., 
68,481-497. 
OKADA, R.H. 1971. Classification of sandstone; analysis and proposaL J. Geol., 19, 509-
525. 
PETIIJOHN, F .J. 1957. Sedimentary rocks (2nd Ed). Harper Bros., New York. 
PIERCE, R.W., & LANGENHEIM, R.L. 1972. Mississippian (Toumaisian-Vise'an) conodont 
zones in the Great Basin, south-eastern U .S.A. Newsl. Srratigr., 2, 3144. 
PLAYFORD, P.E., & LOWRY, D.C. 1966. Devonian reef complexes of the Canning Basin, 
Western Australia. Bu/1. geo/. Surv. West Aust., 118, 1-150. 
PRAKLA (AUST.) PTY LTD 1963. Report on seismic survey in A.P. 78P, Monto, Queens­
land, for Amalgamated Petroleum Expl. Pty Ltd Company Rep. 1089 (unpubl.). 
PURDY, E.G. 1963. Recent CaC03 facies of the Great Bahama Bank. 2. The sedimentary 
facies. J. Geol., 71,472497. 
RHODES, F.H.T., AUSTIN, R.L., & DRUCE, E.C. 1969. British Avonian (Carboniferous) 
conodont faunas and their value in local and intercontinental correlation. Bull. 
Br. Mus. nat. Hist. (Geol.)Suppl., S, 1-313. 
ROBERTS, J. 1961. The geology of the Gresford district, N.S.W. J. Proc. R. Soc. N.S. W., 
95,77-91. 
ROBERTS, J. 1975. Early Carboniferous brachiopod zones of eastern Australia. J. geol. 
Soc. Aust., 22, 1-31. 
ROBERTS, J., & OVERSBY, B.S. 1974. The Lower Carboniferous geology of the Rouchel 
district, New South Wales. Bull. Bur. Miner. Resour. Geol. Geophys. Aust., 147, 
1-93. 
RUNNEGAR. B. 1969. The Pennian faunal succession in eastern Australia. Spec. Pubis 
geo/. Soc. Aust., 2, 73-98. 
64 
RUNNEGAR, B. 1970. Eurydesma and Glendella gen. nov. (Bivalvia) in the Permian of 
eastern Australia. Bull. Bur. Miner. Resour. Geo/. Geophys. Aust., 116, 83-118. 
RUNNEGAR, B. 1974. Late Palaeozoic Bivalvia from South America: provincial affmities 
and age. An. A cad. brasil. Gene., 44 (for 1972), Suplemento, 295-312. 
RUNNEGAR, B., & McCLUNG, G. 1975. A Permian time scale for Gondwanaland. Proc. 
3rd Gondwana Symp., Australia, 1973, 425441. 
SAMES, C.W. 1966. Morphometric data of some Recent pebble associations and their 
application to ancient deposits.J. sedim. Petrol., 36,126-142. 
SANDBERG, C.A., STREEL, M., & SCOIT, RA. 1972. Comparison between condont 
zonation and spore assemblages at the Devonian-Carboniferous boundary in the 
western and central United States and Europe. CR. 7th Cong. Advanc. Etud. 
Stratigr. Geol. Carb., Krefe/d, 1971, 1, 179-202. 
STANLEY, D.J., & UNRUG, R. 1972. Submarine channel deposits, fluxoturbidites and 
other indicators of slope and base-of-slope environments in modem and ancient 
marine basins; in RJGBY, J.K., & HAMBLIN, W.K. (Eds), Recognition of ancient 
sedimentary environments. Spec. Pubis. Soc. econ. Palaeont. Miner., Tulsa, 16, 
287-346. 
THOMPSON, T.L., & FELLOWS, L.D. 1970. Stratigraphy and conodont biostratigraphy 
of Kinderhookian and Osagean rocks of southwestern Missouri and adjacent areas. 
Rep. Invest. Mo. geol. Surv., 4S, 1-263. 
VEEVERS, JJ. 1968. Upper Devonian and Lower Carboniferous calcareous algae from the 
Bonaparte Gulf Basin, northwestern Australia. Bull. Bur. Miner. Resour. Geol. 
Geophys. Ausr., 116,173-188. 
WEBB, A.W., & McDOUGALL, I. 1968. The geochronology of the igneous rocks of eastern 
Queensland.J. geo/. Soc. Aust., IS, 313-346. 
WILSON, R.C.L. 1967. Particle nomenclature in carbonate sediments. Neues Jb. Geol. 
Pafaont. Mh., 8,498-510. 
ZIEGLER, W. 1971. (Review of Rhodes, Austin & Druce 1969). Zentbl. Geol. PaGont. II, 
5, 365-369. 
ZIEGLER, W., SANDBERG, C.A., & AUSTIN, R.L. 1974. Revision of Bispathodus group 
(Conodonta) in the Upper Devonian and Lower Carboniferous. Geologica Palaeont., 
8, 97-112. 
J.A. Webb 
Department of Geology and Mineralogy 
University of Queensland 
St Lucia, Queensland 4067 
65 
PLATE EXPLANATIONS 
Plate I 
All specimens from locality 075575 in Cania Fonnation unless indicated otherwise. 
Fig. I Prospira prima Maxwell 1954; pedicle valve, internal mould (UQF65319, x 
1.5). 
fig. 2 Rugosochonetes magnus Maxwell 1954; brachial valve, internal mould 
(UQF65301, x 1.5, from 085565 in Cania Fonnation). 
Fig. 3 Camarotoechia sp.; pedicle valve, external mould (UQF65659, x 2). 
Figs.4,5 Pustula sp.; 4, brachial valve, internal mould; S, brachial valve, external 
mould (both UQF65656, x 1). 
Fig. 6 Cleiothyridina australis Maxwell 1954; brachial valve, internal mould 
(UQF65304, X 1.3). 
Fig. 7 Prospira te/lebangensis Maxwell 1961; pedicle valve, internal mould 
(UQF65658, X 2). 
Figs. 8-10 Spirifer lirellus Cvancara 1958; 8, pediCle valve, internal mould of juvenile 
(UQF65318, x 1); 9, pedicle valve, internal mould of adult shell -note 
presence of mucrons (UQF65322, x I); 10, pedicle valve, internal mould 
(UQF65317, X 1). 
Figs.11, 12 Schellwienella cf. bur/ingtonensis Weller 1914; 11, pedicle valve, external 
mould (UQF65316, x 1); 12, brachial valve, internal mould (UQF65307, 
X I). 
Plate 2 
Figs.l-3 
Fig.4 
Figs. 5,6 
Eurydesma playfordi Dickins 1957; l ,latex cast of external mould of right 
valve -note open byssal notch (UQF65278, x 1.5); 2, latex cast of external 
mould of right valve of adult-note almost closed byssal notch (UQF65277, 
x 1), both specimens from 117546 in Youlambie Conglomerate; 3, latex 
cast of external mould of right valve of juvenile - note open byssal notch and 
well-developed dental process (UQF65283, x 1.5; from 104565 in Youlambie 
Conglomerate). 
De/topecten illawarensis (Morris 1845); latex cast of external mould of left 
valve (UQF65269, x 1, from 104565 in Youlambie Conglomerate). 
Megadesmus pristinus Runnegar 1974; 5, latex cast of external mould of 
right valve (UQF65280, x 1);6, internal mould of hinge and umbonal regions 
of both valves (UQF65279, x 1); both specimens from 104565 in Youlambie 
Conglomerate. 
Fig. 7 
Fig.8 
Figs. 9, 10 
Fig. II 
Figs.12-14 
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Orthonema sp.; latex cast of external mould (UQF65661, x 5, from 075575 
in Cania Formation). 
Montospira sp.; latex cast of external mould (UQF65323, x 10, from 075575 
in Cania Formation). 
Amygdalophyllum sp.; 9, transverse section (UQF65293, x 2); 10, longitud­
inal section (ibid. x 2, from 117567 in ?Caswell Creek Croup). 
Caninia sp. B; transverse section (UQF65290, x 2, from 117567 in ?Caswell 
Creek Group). 
Canina sp. A; 12, counter-cardinal longitudinal section (UQF65291, x 2); 
13 transverse section (UQF65289, x 2); 14, transverse section (UQF65291, 
x 2, both specimens from 117567 in ?Caswell Creek Group). 
Figs. I, 3, 7, and 8 were photographed using a Tessovar macrophotographic zoom system 
with a Leica M2 camera. 
Plate 3 
Fig.1 
Figs. 2, 3 
Fig.4 
Fig. 5 
Fig. 6 
Fig. 7 
Figs. 8, 9 
Fig.IO 
Polygnathus communis communis Branson & Mehl 1934; oral view 
(UQY1903, x 100, from 085567 in Cania Formation). 
Bispathodus acu/earus aculeatus (Branson & Mehl 1934); 2, oral view 
(UQY1904, x 50); 3, aboral view (ibid. x 50, from 085567 in Cania Form­
ation). 
Spathognathodus crassidentarus (Branson & Mehl 1934); outer lateral view 
(UQY1897, x 50, from 090558 in Cania Formation). 
Bispathodus sp. A; inner lateral view (UQY1910, x 80, from 115573 in 
?Caswell Creek Group). 
Neoprioniodus barbatus Branson & Mehl 1934; outer lateral view (UQY1909, 
x 60, from 115573 in ?Caswell Creek Group). 
Neoprioniodus cf. camurus Rexroad 1957; inner lateral view (UQY1901, x 
45, from 085567 in Cania Formation). 
Preudopolygnathus dentilineatus E.R. Branson 1934; 8, oral view (UQYI908, 
x 80); 9; aboral view (ibid. x SO, from 115573 in ?Caswell Creek Group). 
Bispathodus spinulicostarus (E.R. Branson 1934); outer lateral view 
(UQY1906, x 60, from 085567 in Cania Formation). 
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Figs. 11, 12 Pseudopolygnathus primus Branson & Mehl 1934; II, inner lateral view 
(UQYI896, x 50); 12, aboral view (ibid. x 45, from 090558 in Cania Form­
ation). 
Figures 2, 3, 9 and II were photographed by a Tessovar macrophotographic zoom with a 
Leica M2 camera; a Cambridge Scanning Electron Microscope took the remaining photo­
graphs on this plate. 
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